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53921323: INDUSTRIAL ENGINEERING; M.Eng. INDUSTRIAL ENGINEERING)
KEYWORD: RICE MILLING/ PADDY DRYING PROCESS/ DESIGN OF EXPERIMENT/
RICE YIELD
SURACHAI PREETONG: THE STUDY OF FACTORS AFFECTING PADDY
DRYING PROCESS USING THE DESIGN OF EXPERIMENT. ADVISORY COMMITLEE:

RUEPHUWAN CHANTRASA, Ph.D., 72 P. 2016.

In general, the large rice milling plant dehumidifies paddy using solar to repel moisture
from the rice grain which is the simple and cost saving method. However, this method has
disadvantages because it requires large number of labors and spaces. Moreover, it is not able to
control rice quality. Hence, the rice milling plant uses paddy drying machine instead. The
objective of this research is to study factors affecting paddy drying process using the design of
experiment (DOE), and identify the optimal values of the parameters in order to create maximum
yield of rice to paddy. The study indicated 2 factors affecting the rice yield, which were level of
the hot air temperature used in drying process, and flow rate of the paddy to the drying process.
Experimental results indicated 47 °C of the hot air temperature and 19 cycle/minute of flow speed
of the paddy were the optimum value of the factors. These value increased yield of rice to paddy
which could apply to the real situation for the paddy drying process before milling to rice,

increasing productivity of the rice production.
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Three levels of Factor B
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4.2.1 M33eNMAS

Stat > DOE > Factorial > Create factorial design l¥uMseanUUMINATD

o X < < %
1YY 2-Level NALUY Full t4ag Fractional ias Plackett-burman @Qfﬂzﬂiiﬂgqﬂﬂzaﬂﬂﬂﬂﬂﬁﬁ

d‘ Y o 1 3 1 U d‘
e lvmyuamandsaneasluning 2-19

Create Factorial Design ) l(j

Type of Design
(v 2-level Factorial {default generators) (2 to 15 Factors)
" 2-level factorial (specify generators) (2 to 15 Factors)

" Plackett-Burman design (2 to 47 factors)
" General full Factorial design (2 to 15 Factors)
Mumber of Fackors: I 2 = I Display Available Designs. ..
Designs. .. Factars...
Dptions. . Results;.,
Help | Ok Cancel

A a 3 =] s
AINN 2-19 i"lflagl’f)ﬂﬂllﬂi’]zaﬂﬂ‘i_lﬂﬂ“ﬁ

ANDY

5. Type of design

9
] Y A
5.1 Level factorial (Default generators): Minitab 3&#4 Wuaon lula

5.2 Level factorial (Specify generators): (ANEIBABININUAAT Generator AIY

5.3 Plackett-burman design: 1A9niaf93an15a3 19811V Plackett-burman

5.4 General full factorial design: 1aeniiiaag19tioalifadeda 1 HAszAUNIAAN

S IS

5.5 Number of factors: 1®IMIAMUATIUIUTIdeNI T Tud L

. M9 2-Level gactorial fesign

6.1 1980 Stat > DOE > Factorial > Create factorial design
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Y v a A A . . v 2 A
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1 Id 1 { 3’/ A
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M3 AAT12¥iA 105159 (Analysis of variance: ANOVA)
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1. MINWATIANAIEDI (Sum of square)
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msmuumraTIMaiTesusaaziate fio mahdeyanegluseaumenniy
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o - oy
T Lin  an
=1
a n Yz
SST:ZZ(Y[%—;)
- : an
i=1j=1

SSe = SST — (SS,, + SS; + - + SS,,)

2. msmazﬁu%ummﬁﬁﬁz (Degree of freedom)
MseduTuANIS ATz I AaziTITY
seduTUAMNB ATz esTTevan (v;) = 1UIUTLAVVDI08 -1
= n-1

b4
(4 Y

Y
FEAVTUANVATZII (V) = (TIIUMITNAADINIHNA-1)X(TIUIUNGN-1)
Y [l
FEAUTUANUDATLUDIANNAAAADOY (Vo) = v — (Ve + gy + - 1)
3. MIHIMMaIaedlagmaeg (Mean sum square)
1 o o P a ] = Y 1 4
MMaIdod lagmaelumsauuAgIUAINMANNINBYNMINITTNBIFAUINAI
. . é = 1 1 o w d‘ = 9 v 1 1
(Central limit theorem) F3001AIMAIT0 Inamaaiioy lanuainnuuilsdsiuuesngu
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1MINAaedluuAazAT

Type of Design

™ 2devel factorial (default generators) {2 to 15 factors)
(" 2devel factorial (spedfy generators) (2 to 15 factors)
" 24evel split-plot (hard-to-change factors) (2 to 7 factors)

—

g " Plackett-Burman design
{* General full factorial design

7 ]

MNumber of factors:

Fi Help

{2 to 47 factors)
{2 to 15 factors)

Display Available Designs. .. |

Designs... | Factors. .. |
Options. .. | Results... |
oK | Cancel |

N

Create Factorial Design: Designs

Factor Name Number of Levels
A Temp (Degree C) 3
B Speed (RPM) 2
Mumber of replicates: 3 -

v Block on replicates

Help

Cancel ]

]

{ Y 1 a I3 @ 1 @
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Cl C2 C3 c4 C5 C6 Cc7
Std Run Temp Speed
Pt type Blocks Yield
order order (Degree C) (rpm)
1 1 1 1 1 47.0 19 46.7539
2 2 2 1 1 47.0 20 38.1367
3 3 3 1 1 48.5 19 45.1206
4 4 4 1 1 48.5 20 40.7289
5 5 5 1 1 50.0 19 46.1011
6 6 6 1 1 50.0 20 32.4797
7 7 7 1 2 47.0 19 51.5035
8 8 8 1 2 47.0 20 36.2906
9 9 9 1 2 48.5 19 48.9875
10 10 10 1 2 48.5 20 47.3892
11 11 11 1 2 50.0 19 44.3776
12 12 12 1 2 50.0 20 37.5557
13 13 13 1 3 47.0 19 55.7836
14 14 14 1 3 47.0 20 36.5870
15 15 15 1 3 48.5 19 41.9540
16 16 16 1 3 48.5 20 43.2907
17 17 17 1 3 50.0 19 39.2715
18 18 18 1 3 50.0 20 33.4341
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General Factorial Regression: yield versus temp, speed
Factor Information
Factor Lewvels WValues

temp 3 47.0, 48.5, 50.0
speed 2 13, 20

Eknalysis of Variance

Source DF Adj 55 Rdj MS F-Value P-Value
Model 5 549.1 109.81 10.14 0.001
Linear 3 425.7 141.90 13.10 0.000
temp 2 121.8 &0.90 5.62 0.019
speed 1 303.9 303.90 28.068 0.000
2-Way Interacticons 2 123.4 68l.69 5.70 0.0l1l8
temp*speed 2 123.4 81.69 5.70 0.018
Error 12 125.9 10.83
Total 17 &79.0

Model Summary

5 R-3q BER-3gl{adj) ER-sgipred)
3.29070 | B80.86% 72.89% 56.94%

A v o a s Y P
HINN 4-1 WﬁﬁW‘ﬁﬂ153Lﬂ51$ﬂﬂl@§ﬁﬂﬂﬂiﬂillﬂiﬂ MINITAB

o [ Y g‘.& v
INHNANITNARDINUINAT P-value VoA TAUNIT09A ﬁf]

[

a ] 9 A
1. QUUYUANIDUVUYT (Temp) NU 3 TLAD (47, 48.5, 50) = 0.019

< 9 9 A o
2. ANULITIVDIVNV U (Speed) NV 2 521 (19, 20) = 0.000
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Residual Plots for yield
Mormal Probability Plot Versus Fits
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AN 4-2 Residual plots for yield
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MINATOU Normality test

I A
GlGIBfILJJkJ Stat > Besic Statistics> Normality test > i@on RESII (Huanauly

Taeidon 1y Kolmogorov-smirnov lumsnaaevazld danni 4-3

Nermality Test X

Variable: I RESI1

Percentile Lines
* None
i~ ALY values: |

" At data values: I

Tests for Normality

i~ Anderson-Darling

= Ryan-Joiner (Similar to Shapiro-wilk)
* Kolmogorov-Smirnoy

Select | Title: I
Help | oK I Cancel

A 4-3 MINAdoU Normality test

HAINMINATOLAT P-value > 0.150 LEAAIINUNITLUINUIWUL Normal

Probability Plot of RESI1

Normal
Mean -434221E-15
StDev 2765
95 N 18
kS 0127
=0 | | P-value >0150 ||
20
=
€ oo
t e
g 50+
o 407
30+
20
10-
s
1L
7.5
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A 4-4 Probability plot of RESI1
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Main Effects Plot for yield
Fitted Means

47
45

43

42

Mean of yield

41

speed

{ (% < 1T W
NINA 4-6 Waﬂi$‘1/]UﬂWﬂﬁ'JLL‘]J'D'@BIIU?YJWNLTJ%TJ"IIH%}T@@GI'J!Lﬂi@ﬂll (Yield)



64

' A4 &
MIHIMANNYDNY
lumsnageurotudunamsnaasuiiosningie bildimanisnaaeslineass
%’ o F) A A a (=] 3’, = Y o Y
HinunszuIumseutnlasniiosnnnad lifisane aziudsldihmsnagoudions

Uszanaa Uy 1 1U529n3 emaanuaesuved 1 Juseauanusesy 95% lagh

n=3 S =3.2907 X =51.347
X — ,n— —|=u=sx ,n— —
3 vl =H g N

3.29.7 3.29.7

51.347 — [to.0252) [F < p < 51.347 + [tg25.2) [?

51.347 — [4.3026][1.899] < u < 51.347 + [4.3026][1.899]
51.347 — 8.174 < pu < 51.347 + 8.174

43.1724 < p < 59.5215

Y1 1 d' o d' 1 d' 1 . S 1 1 1 =
ﬁ§ﬂ1ﬂ31ﬁﬁﬂﬂﬂ31hlﬂfﬂuuﬂ 95% VDNAURAYUDIA Yield UABYISHIN 43.1724 DN

59.5215

MsHIMszaUTdavMzaw
Glclsf}ml;} Stat > DOE > Factorial > Response optimizer NNTUMMUAA Goal 111

Maximize 312 1UN3NAADIRDINIA Yield geganz 1 asn i 4-7

Response Optimizer X

Optimize up to 25 responses:

Target

Setup... | Options... ‘ Graphs... |

Results... | Storage... ‘ ylewModel.‘.|

Help OK Cancel

MNN 4-7 Response optimizer menu
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